Several intercomparison exercises were organised by the International Atomic Energy Agency (IAEA) on the determination of operational quantities at the regional or interregional basis. In the Latin American region an intercomparison for the determination of the operational quantity H p (10) was completed mid-2004, as a follow-up to previous exercises carried out during the 1990s. Eighteen individual external monitoring services from nineteen Member States participated in the first phase. The second phase grouped 15 services that had participated in the first phase. Dosemeter irradiations in photon beams were done by four Secondary Standard Dosimetry Laboratories (SSDLs) of the region. The preparation of this exercises involved an audit by the IAEA SSDL, where reference irradiations were provided to all participants for verification of their systems. During the first phase (2002)(2003) only 9 out of 18 services met the performance requirements for such monitoring services. Necessary corrective actions and procedure verification were implemented. During the second phase (2004) 11 out of 15 services fulfilled the performance criteria. This intercomparison shows that there has been improvement in the second phase and most participants demonstrated a satisfactory performance of the quantity tested.
INTRODUCTION
The international standards (1) recommend the use of operational quantities for the personal dosimetry, specially the personal dose equivalent H p (10). Due to technical difficulties to introduce the use of this quantity the IAEA assessed their Member States in order to promote their use. Between 1986 and 1999 the IAEA supported three dosimetry projects for intercomparison of external personal dosimetry in the region of Latin America. As part of the Agency's strategy to strengthen the national infrastructure in relation with the control of workers that are occupationally exposed to ionising radiation, the IAEA organised, in year 2002, an intercomparison of external dosimetry services for its Member States of the Latin-American region that are participating in the IAEA Model Project RLA/9/041. The IAEA has seen the convenience that the Secondary Standard Dosimetry Laboratories (SSDLs) play an important role in the organisation of national or regional intercomparison exercises. For this reason, the IAEA invited four SSDLs of the region to co-ordinate and lead such intercomparison. The objective of this intercomparison carried out from June 2002 to June 2004 was to evaluate the performance of individual external monitoring services in Latin America. Moreover, the exchange of technical information, calibration and essay, as well as, quality assurance experiences within the participants was an objective too.
The intercomparison was organised in three phases. During the first one, a follow-up of the correct use of H p (10) in reference conditions was performed. The second phase was held to analyse the capability of the participating services to determine H p (10) under irradiation conditions nearer to real irradiation fields, with different incidence angles and different mixed radiation beam qualities. During the third and last phase, information and experiences about calibration and test of external dosimetry systems and about implementation of QA programs were transferred to the participants. The results of the first and second phase of this intercomparison are described and discussed in this report. Tables 1 and 2 show the irradiation conditions employed during the first and second phase, respectively.
METHODS
The SSDLs from Argentina, Brazil, Cuba and Venezuela irradiated the dosemeters of participants. Prior to irradiation the IAEA Dosimetry Laboratory audited these SSDLs in terms of air kerma for 137 Cs and 60 Co beams. The results obtained by these SSDLs were within the acceptance limit of 5%.
The capability of SSDLs to irradiate in terms of H p (10) was verified, for all conditions of Table 1 , by the TL dosimetry system of the Physical Dosimetry Laboratory belonging to the Nuclear Regulatory Authority (ARN) from Argentina. This system had shown a high performance during previous intercomparison exercises. The Z-score was used as the performance indicator. The H p (10) value given by ARN, H p (10) ARN was taken as the reference value. The following expression for the z score was considered:
The SSDLs fulfilled the evaluation criteria for all beams (|Z| < 2).
For the first phase each participant sent 25 dosemeters to the SSDL of Venezuela, which was responsible for receiving and distributing the participant dosemeters to SSDLs for irradiation, and to return them to participants. From the 25 dosemeters, 20 were irradiated and the rest was taken as control for the background. The dosemeters were irradiated on the 30 Â 30 cm 2 wall of the ICRU (2) slab phantom. Two dosemeters per participant were irradiated for each irradiation condition. The personal dosimetry system of the ARN (Argentina) and that of the Institute for Radioprotection and Dosimetry (IRD, Brazil) provided an assurance mechanism for the irradiation: an ARN or IRD dosemeter was set up at the centre of the beam during the irradiation of dosemeters. Besides, the IAEA Dosimetry Laboratory irradiated three dosemeters per participant, in 137 Cs and 60 Co beams to give a reference irradiation to participants.
For the second phase the participants sent 15 dosemeters. Twelve of them were irradiated and the rest was taken as background. There were two irradiated dosemeters for each irradiation condition shown in Table 2 . As during the first phase, one dosemeter from the ARN (Argentina) or one dosemeter from the IRD (Brazil) was set up at the centre of the beams. The SSDL of Venezuela provided reference irradiation for normal incidence 137 Cs beams, giving values of 3 and 24 mSv for each participant.
RESULTS
The participants were required to inform the results in terms of H p (10). No information about the irradiation conditions was given to them before the evaluation.
From the 19 invited countries of the LatinAmerica and Caribbean region, 18 countries designated one external monitoring service each to participate in the intercomparison. The participants completed a questionnaire about their dosimetry systems. The required information was about the type of detector used, the energy and dose range covered and the quantity used to report the dose to users. Only 3 services used film dosimetry and 15 used thermoluminescent detectors (TL). All participants declared that they used the operational quantity H p (10) to inform the results in routine.
For the performance evaluation the acceptance limits were those suggested in ICRP publications (4, 5) and mentioned in ISO 14146 (6) . The analysis of results was made considering the response Q, that is the ratio between the H p (10) determined by the participant and the reference value given by the SSDL, H p (10) SSDL . The response Q was analysed considering the trumpet curves obtained as follows:
H being the reference H p (10) value and H 0 the recording level (0.2 mSv), considering a monitoring period of 1 month.
The Q values for each participant and for each beam quality were calculated. The percentage of Q values within the trumpet curves, N, was also calculated. For each beam quality the number of Q values out of the trumpet curves, n, was calculated in order to see any tendency as a function of the irradiation condition. 
REGIONAL INTERCOMPARISON EXERCISE
Out of the 18 participants 14 had taken benefit of any previous intercomparison and 8 out of the 18 dosimetry systems that completed the first phase had all Q values within the trumpet curves (N ¼ 100%); one participant had only one Q value out of the trumpet curves. Considering that a personal monitoring service has a satisfactory performance when at least 95% of its results are within the trumpet curves, it is concluded that 50% (9 out of 18) of participating services obtained such satisfactory performance during the first phase.
Out of the 15 participants that completed the second phase 9 had all Q values within the trumpet curves. There were 2 out of 15 participants who had one Q value out of limits. It is conclude that in the second phase the 73.3% (11 out of 15) of participating services had a satisfactory performance.
The Figure 1 shows the Q values vs. H p (10) for the 18 participants during the first phase and the Figure 2 shows the Q values vs. phase, 310 (82.7%) Q values were within the trumpet curves limits. In the second phase 150 out of 169 (88.8%) H p (10) determinations made by participants were within the trumpet curve limits. It has been observed that the S-Cs quality was that of the highest performance: the 85% of participating service estimated all H p (10) values within the trumpet curves for this condition. In the case of X-ray beams $70% of participants had all the determinations within the acceptable limits. In the case of S-Co $83% of participants determined all the H p (10) values within the acceptable limits.
Regarding the performance of participating services, it has been observed that in the second phase, 8 out of 15 services maintained the satisfactory performance obtained in the first one. Of these, five services obtained in both phases 100% of their results within the acceptable limits given by the trumpet curves.
CONCLUSIONS
The intercomparison gave to the participating individual external dosimetry services from IAEA Member States in Latin America the opportunity to evaluate the performance of their dosimetry systems in radiation fields similar to those of practical routine monitoring. These irradiation conditions included doses in a range from 0.5 to 30 mSv and normal and wide angular incidence for different radiation qualities from the ISO series. The determination of H p (10) in X-ray beams offered major difficulties for participating services. This fact can be explained taking in consideration that many dosimetry systems were not calibrated for these beams and that in some cases the dose algorithm to calculate H p (10) was not well used by the participant.
The participation in the two-phase intercomparison permitted the participants to detect deviations of their monitoring systems and to correct them before the second phase took place. During the first phase only 50% of the participants met the requirements while in the second phase, which included more complex radiation fields, 75% of them got satisfactory results.
The participating SSDLs from Latin America that co-ordinated and lead this intercomparison have demonstrated their capacity to organise this type of exercises.
This intercomparison contributes to the attainment of the overall IAEA's objective of promoting the international harmonisation of radiological quantities that is relevant to the verification of compliance with radiation protection standards.
